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® Apparatus and method for detecting spot defects in Integrated circuits. 



@ Spot defects are detected utilizing an apparatus 
which comprises a meander structure fonmed In a 
high resistivity material on a substrate. The meander 
includes intermediate segments, the ends of which 
are interco nnec ted by folded seg ments such that an 
electrical circuit having electrical resistance R is 
formed between the ends of the meander. A- strip of 
high electrical conductivity material is formed in sub- 
stantial alignment with and Is electrically insulated 
from a corresponding one of each of the intermedi- 
ate segments. Each end of each strip is electrically 
connected to a corresponding end of a correspond- 
ing intermediate segment. Defects are identified by 
]5 measuring the resistance R, between the ends of the 
meander. This measured value is then compared to 
^the calculated value of R. If the value of the mea- 



sured resistance is substantially smaller than the 
calculated value, a flaw due. to a spot of additional 
EI high conductivity material, is considered to be 
^present, if the measured resistance is substantially 
greater than the calculated resistance, a flaw due to 
®a spot of missing high conductivity material is deter- 
CU mined to exist. The size of the defects, either addi- 
UJtional or missing material, can be determined by 
additionally measuring the resistance of a path com- 
prising two intermediate segments and a folded seg- 



ment connected therebetween, then calculating the 
defect size using predetermined formulae. 
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APPARATUS AND METHOD FOR DETECTING SPOT DEFECTS IN INTEGRATED CIRCUITS 



Background of the Invention 

The present invention pertains to apparatus for 
use In manufacturing Integrated circuits and more 
particularly to apparatus and methods for detecting 
spot defects in such circuits. 

Yield prediction and yield estimation are very 
important considerations in integrated circuit design 
and process development Modeling of spot defect 
related yeild tosses have been investigated In order 
to Improve yield prediction and estimation, and 
various yield models have been proposed as a 
result. However, most of these models assume that 
any spot defects on the surface of an integrated 
circuit die causes functional failure. Such an as- 
sumption is inaccurate and is especially misleading 
in the case of very large scale integrated (VLSI) 
circuits where spot defects observed on the sur- 
face of an integrated circuit do not necessarily 
cause functional failures. 

For example, small defects may cause de- 
formation of the circuit connectors when such de- 
fects occur in a congested region of the integrated 
circuit surface. However, they do not affect the 
performance of the circuit when they are located in 
other, less dense regions of the same integrated 
circuit. Thus, models that do not take into account 
realistic relationships between defect size and de- 
fect location, with respect to the detail of the in- 
tegrated circuit layout, are faulty. 

The need for a better characterization of the 
defect size in the yield analysis exists and models 
deaiing-with the distributed- nature of -defect - size- 
have been constructed. The accuracy of those 
models depends, however, on the accuracy of the 
Information that describes the defect size distribu- 
tion and defect density. Therefore, accurate iden- 
tification of the defect size distribution and density 
are necessary factors for the accuracy of yield 
analyses that use such models. 



Summary of the Invention 

It is therefore an object of the present Invention 
to provide a method and apparatus for detecting 
defects In integrated circuits. 

It is another object of the present invention to 
provide a method and apparatus for determining 
the size distribution and density of defects in in- 
tegrated circuits. 

It is a further object of the present invention to 
provide a method and apparatus for determining 
the type of spot defects, that is whether causing 



opens or shorts, in a metal layer of an integrated 
circuit 

It is still another object of the present invention 
tn provide a m.ethod and apparatus for determining 

5 the size and type of spot defects in metal layers of 
a semiconductor integrated circuit with a single 
electrical measurement. 

These and other objects which will become 
apparent and are achieved in accordance with the 

10 present invention are accomplished by providing 
an apparatus comprising a meander formed in a 
high resistivity material on a substrate. The me- 
ander Includes a predetermined number of inter- 
mediate segments, the ends of which are intercon- 

75 nected by folded segments such that an electrical 
circuit having an electrical resistance R, is formed 
between the ends of the meander. A strip of high 
electrical conductivity material is formed in sub- 
stantial alignment with and electrically insulated 

20 from a corresponding one of each of the intenmedi- 
ate segments of the meander. Contact means pro- 
vide electrical contact between each end of the. 
strip of high conductivity material and a cone- 
spending end of the corresponding intermediate 

25 segment of the meander A first terminal is elec- 
trically connected to one end of the meander. A 
second terminal is electrically connected to the 
other end of the meander. At least one additional 
terminal is electrically connected to one of the 

30 contact means such that the portion of the me- 
ander between the contact means and the end of 
the meander includes two intermediate segments 
and the folded segment which is connected there- 
. between. . „ _ „ 

35 Utilizing the apparatus of the present invention, 
defects are identified by measuring the resistance 
between the first and second terminals of the test 
structure. This measured value is then compared to 
the calculated value of the resistance of the struc- 

40 ture between the end terminals to determine 
whether the structure is defective. If the value of 
the measured resistance is substantially smaller 
than the calculated value, a flow due to a spot 
defect, which is a spot of additional high conductiv- 

45 ity material shorting two or more strips of high 
conductivity material together, is considered to be 
present If the measured resistance is substantially 
greater than the calculated resistance, a flaw due to 
a spot of missing high conductivity materia! or 

so break, is determined to exist The size of the de- 
fects, either spot or missing material, can be deter- 
mined by additionally measuring the resistance be- 
tween the third terminal and either the first or 
second terminal and then calculating the defect 
size using predetermined formulae. 
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Detailed Description Of The Drawing 

Figure 1 is a schematic representation of a 
top view of a test structure in accordance with the 
present invention. 

Figure 2 is a diagrannatic cross-sectional re- 
presentation of a portion of the structure depicted 



Rgure 3 depicts three schematic representa- 
tions of equivalent circuits of the structure depicted 
in Figure 1 , 

Figure 4 is a schennatic representation of the 
top view of a-structure in accordance with the 
present invention, showing a flaw in the form of a 
jspot defect 

Rgure 5 depicts two schematic representa- 
tions of equivalent circuits of the structure with a 
spot defect. 

Figure 6 is a schematic representation of the 
top view of a structure in accordance with the^ 
present invention having a defect consisting of 
missing high conductivity material. 

Figure 7 is a schematic representation of the 
equivalent circuit of the structure of the present 
invention with a defect consisting of missing high 
conductivity material depicted in Rgure 6. 

Rgure 8 is a top view of a prefen-ed embodi- 
ment of a test structure in accordance with the 
present invention. 

Figure 9 is a diagramatic representation of 
one folded segment of a portion of a test structure 
in accordance with the present invention. 

Rgure 10 is a chart showing the relation- 
ships between defect size and number of shorted 
or broken lines on the test structure in accordance 
with the present invention, 

Rgure 1 1 depicts histograms relating to res- 
olution and defect size-distribution .which are ob-_ 
tainable from the test structure in accordance with 
the present invention. 

Rgure 12 is a schematic representation of 
the top view of a test structure in accordance with 
the present invention depicting a defect caused by 
extra material bridging high resistivity materiai lines 
in the test structure. 

Figure 13 depicts schematics of equivalent 
circuits for shorts and opens caused by extra and 
missing regions respectively in the high resistivity 
material layer. 

Rgure 14 depicts areas of the test structure 
in accordance with the present invention which are 
prone to spot defects in the high resistivity material 
layer. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to Rgure 1. there is shown a - 

5 schematic representation of a top view of a pre- 
ferred embodiment of a test structure, generally 
designated 10, in accordance with the present in- 
vention. Test structure 10 comprises a meander 12 
comprising a high electrical resistivity (low eiec- 

10 trical conductivity) material, such as polysilicon. 
which includes a plurality of intermediate segments 
14, the ends of which are interconnected by folded 
segments 16. The intemnediate segments 14 are 
preferably in the form of substantially straight lines; 

16 however, other patterns such as sawtooth or 
sinusoidal fomns are useable and are considered to 
be within the scope of the present invention. As 
shown in Figure 2, tiie meander 12 is preferably 
formed on a silicon substrate with a grown insulat- 

20 ing thermal oxide designated as layer 18. A layer 
20 of insulating material, such as silicon dioxide, is 
formed over and around the meander 12. 

A plurality of strips 22 of high electrical con- 
ductivity material, comprising for example a metal 

25 such as aluminum, is formed over the insulating 
layer 20 with each metal strip 22 being substan- 
tially aligned with a corresponding intemnediate 
segment 14 of the meander 12. High electrical 
resistivity (low electrical conductivity) and high 

30 electrical conductivity are temns which, in the de- 
scription of the present invention, are related to 
each other such ttiat the conductivity of the high 
electrical conductivity material is at least ten times 
the conductivity of the low electrical conductivity 

35 (high electrical resistivity) materiai. In tiie prefen-ed 
embodiment, the conductivity of the high electrical 
conductivity material is approximately five thousand 
tinies^ the conductivity of the tow electrical con- 
ductivity (high electrical resistivity) material. Tn~ the 

40 preferred embodiment, each strip 22 has a widtii 
and a length which is substantially equal to the 
width and length respectively of the underiying 
intermediate segment 14 and is positioned in sub- 
stantially coincident overlying spaced relationship 

46 with respect to a con-esponding underlying inter- 
mediate segment 14 of tiie meander 12. 

The ends of each strip 22 are electrically con- 
nected to tiie con-esponding underiying intemnedi- 
ate segment 14 of the meander 12 by means of 

50 contacts 24 which are formed through the insulat- 
ing layer 20. Rrst. second and third electrical con- 
tact terminals, 26, 28 and 30 respectively, are 
fonnned on the layer 18. The first temninal 26 is 
electrically connected to a contact 24 at one end of 

55 the meander 12. The second terminal 28 is elec- 
trically connected to a contact 24 at the other end 
of the m ander 12, The third terminal 30 is elec- 
trically connected to a contact 24 at one end of an 
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intermediate segment 14 of the meander 12 such 
that the path between the second terminal 28 and 
the third terminal 30 comprises an Intermediate 
segment 14. a folded segment 16 and a second 
inermediate segment 14, as shown in Rgure 1. 

As can be seen in Rgures 1 and 2. the inter- 
PPjQjjj^f^ 53gjyi9n+s 1 4 of the polysillcon meander 
are shorted between the contacts 24 by the strips 
22. Consequently, the equivalent circuit of the de- 
vice created in this manner can be represented by 
a chain of resistors as shown in Rgure 3A. Resis- 
tors, labeled R, and R2. represent folded segment 
16 and Intermediate segment 14 of the meander 
12, respectively. Resistors Ri represent the metal 
strips 22. 

The resistance that is measured between the 
first terminal 26 (designated T, in Rgure 3) and the 
second terminal 28 (designated Ta) is substantially 
equal to the sum of the series connected resis- 
tances of the folded segments 16 of the meander 
12 because the resistance of the high conductivity 
metal strips 22 is substantially smaller compared to 
the resistance of the unshorted portion of. the high 
resistivity polysillcon path. The intermediate seg- 
ments 14 of the meander 12 do not contribute to 
the resistance between T, and T2 since they are 
shorted by the strips 22. This is shown in the - 
schematics of the equivalent circuits depicted in 
Rgures 3B and 3C. Consequently, the resistance 
R,2 between the first terminal T, and the second 
terminal Tj is equal to the sum of the series resis- 
tances R,. 

The resistance between the second terminal T^ 
and the third terminal 30 (designated T3 in Rgure 
3) Is equal to the resistance of one folded segment 
16 of the meander 12 since the two intenmediate 
segmentS -14-have. been .shorted out by the nnetal 
strips 22. Therefore, as shown schematically in 
Rgure 3C. the resistance Ra between the second 
temninal T^ and the third terminal Tj is equal to R„ 
the resistance of one folded segment 16. Con- 
sequerttly, by measuring the resistances Ria and 
Ra, and computing their ratio, an integer equal to 
the number of strips 22 in the structure, minus 1, is 
obtained. 

The test structure 10 of the present invention is 
utilized as follows. Referring now to Rgure 4, there 
is shown a test structure 10 having an additional 
spot of metal 32 formed on the surface of the metal 
layer due to a disturbance of the manufacturing 
process. The metal spot 32 causes an electrical 
short between some of the metal strips 22 thereby 
shorting out the folded segments 15 connected 
between these shorted out metal strips 22. This is 
shown in the schematic equivalent circuits depicted 
in Figures 5A and 5B. Since the resistance Ri of 
some of th folded segments 16 have been short- 
ed out by the excess metal defect 32, the resis- 



tance R,j, measured between the first terminal T, 
and the second terminal T2, is smaller than the 
calculated value of the resistance of the test struc- 
ture without an excess metal spot defect. Hence, a 

5 measured value of the resistance which is 
smaller than that of the calculated value of resis- 
tance Ra is indicative of the presence of an excess 
metaJ spot defect. Since, in accordance with the 
present invention, a short between strips is indica- 

70 live of the presence of an excess metal spot de- 
fect, the structure 10 must have at least two strips 
22. 

The diameter of the excess metal spot 32 can 
be evaluated by measuring the resistance R.a ba- 
rs tween the first terminal T, and the second terminal 
T,; measuring the resistance R23 between the sec- 
ond tenninal Ta and the third terminal Tj; then 
computing the ratio of R.a/Rj,. The difference be- 
tween the value obtained as a result of computing 

20 this ratio, and the number of metal strips 22 in the 
test structure 10, is indicative of the number of 
parallel metal strips 22 that are shorted by the 
metal spot 32. Since the pitch of the metal strip 
pattern is known, the approximate diameter of the 

25 defect can be determined. 

The test structure 10 of the present invention 
can also be used to detect a region with missing 
metal and to measure the size of that region. 
Refening now to Figure 6, there is shown the test 

30 structure 10 having a region of missing metal 34 on 
the metal layer due to a disturbance in the manu- 
facturing process. As shown in Figure 5, some of 
the intermediate segments 14 of the meander 12 
.are no longer shorted due to the region of missing 

35 metal 34. This is represented schematically in Fig- 
ure 7 where the breaks shown in the parallel short 
circuit paths of the resistances Ra are caused by 
the region of missing metal 34. "Since Mme of the 
short circuit paths are now open, the resistance R,a 

40 measured between the first terminal T, and the 
second terminal Ta is greater than the calculated 
value of the resistance R.j of the test structure 
without defects. Therefore a measured value of the 
resistance R,2 which is greater than the calculated 

45 value is indicative of the presence of a defect due 
to a region of missing metal. 

The size of the region of missing metal 34 can 
be calculated as follows: The total resistance Ria 
between the first terminal T, and the second termi- 

50 nal Ta is equal to the resistance R.2 measured on 
the test structure without a spot defect plus nm x Ra 
where nm is an integral number of broken metal 
connections in the structure and Rz is the resis- 
tance of an intermediate segment 14 of the poly- 

55 silicon meander 12. Since the pitch of the metal 
strip pattern is known, the diameter of the missing 
metai region can be detenmined. 

The preferred embodiment of test die 40 is 
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used to classify sizes of defects with extra or 
missing metai as follows. In setting forth th de- 
scription of the method of classification, the follow- 
ing definitions apply: 

(1) R,i represents the value of the resistance 
measured between the end terminals, for example 
terminals T, and T* (see Figure 8), of a single test 

(2) R34 represents the value of the resistance 
of one folded element of the polysilicon path; for 
example, the resistance between temninals Ta and 
T* (see Rgure 8). R23 can also be used to evaluate 
the resistance of a single folded element; for exam- 
ple, the resistance between terminals Tj and T3. 

(3) DB2 is the width of the metal strips 22 
and the intermediate segments 14 of the poly- 
silicon meander (See Figure 9). 

(4) DB3 is the space between the metal, 
strips 22 (See Rgure 9). 

(5) SQM Is the number of squares in the 
metal strips 22 and the intermediate segments 14 
of the polysilicon meander 

(6) SQP is the number of squares in the 
folded segment 16 of the polysilicon meander. 

(7) n is the number of metal strips 22 of any 
device; therefore, n - 1 is the number of folded 
segments 16 in the structure. 

Utilizing the above definitions, the defect size 
measurement and classification procedure is per- 
formed as follows: Rrst, electrical resistance mea- 
surement equipment is electrically connected to 
terminals T„ Ta and T* of the test structure 10 (see 
Rgure 8). The values of Ru and Rj* are then 
measured. Next the value of nr = Rn/Rw is com- 
puted. The computed value of nr is compared with 
the quantity n - 1 . If n, Is equal to n - 1 . no defect 
exists; therefore the location of the next test struc- 
- 4ure is found .and the. above-stated .procedure Is „ 
repeated, if n, is not equal to n - 1. a determination 
is made whether n, is greater than n - 1. If so, a 
defect comprising missing metal hias been deter- 
mined. The diameter dm of this missing metal de- 
fect is in the range defined by the formula; 
DB2 + (nm-1) (DB2 + DB3) < dn, < DB3 + (n„, + 1) 
(DB2+DB3). where 

rijn is a number of broken metal strips that can be 
evaluated from the formula: 

= (SQP/SQM) (R,4/«-n + 1). 
If nr is less than n - 1, then a defect which has 
shorted the metal segments 22 has been detected. 
The diameter do of this defect, is in the range 
defined by the formula: 

DB3 + (ne -1) (DB2 + DB3) < de < DB3 + (n^+l) 
(DB2 + DB3).where 

ne is a number of shorts between metal strips that 
can be evaluated by the formula: 

ne = (N-1-R,4/R:k). 

After making the determination of the type and size 
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of defect, the next test structure is located and the 
procedure is repeated. 

The relation between the number of shorted or 
broken lines and the size of the defect is dia- 

5 gramatically depicted in Rgure 10. It can be seen 
from this figure that the diameter of a spot defect 
can be determined in terms of a range whose size 
is equal to the pitch of the test structure; that is, 
DB2 + DB3 (see Rgure 9). Thus, a limitation in the 

70 resolution of the test structure 10 is determined by 
the limits in the resolution with which the test 
structure 10 can be fabricated. Consequently, the 
smallest possible pitch should be used in the de- 
sign of the test structure 10. it should be noted that 

75 measurements taken from terminals T* through T,i 
can also be used in the performance of the defect 
size measurement and classification procedure de- 
scribed above. 

Another limitation in the resolution of the test 

20 structure 10 is illustrated by the histograms de- 
picted in Rgure 11A. 11B and 11C. As previously 
stated, no and nm should be integers. However, the 
actual values of ng and n^ are computed using 
values of the ratio R,4/Ri« which are in general non- 
25 integers. This situation occurs because the sheet 
resistance, as well as the width of the polysilicon 
meander paths, are non-uniform. In addition, these 
non-uniformities have a random nature. Conse- 
quently, the values of na and nmhave a random 

30 nature. Consequently, the values of and n^will 
be random variables which must be rounded to the 
closest integer. This is illustrated in the histograms 
depicted Rgure 11 A through 11C. Rgure 11 A is a 
histogram of the idea! number of shorted metal 

35 strips 22 caused by an excess metai defect. Rgure 
1 1 8 is a histogram of the actual number of shorted 
metal strips 22 which are shorted by an excess 

_ _ metal. def_ect_ in th® _ test sfructure 10. The test 
structure resolution is determined in terms of the 

40 number of samples that can be classified as in- 
tegers to the numt^er of samples that cannot be 
classified as integers as shown in Rgure 13C. 

Realistically, it must be assumed that some of 
the values computed from the above fonnnulas and 

45 shown in Rgure 11 C, cannot be classified as in- 
tegers because such an approximation Is justified 
only in the case where the rounded number has a 
value that Is close enough to be an integer. These 
values will represent defects that cannot be mea- 

50 sured with certainty using the test staicture 10 of 
the present Invention. A large numt^er of such 
defects degrade the resolution of the test structure 
10; however, it is estimated that the population of 
defects of this nature will not exceed 10% of the 

55 entire failure distribution. 

Test structure resolution Is optimized in accor- 
dance with the present invention by an appropriate 
choice of the number of metai strips 22 and under- 

5 
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lying intermediate segments 14 in a single test 
structure 10. That is. the number of strips and 
intermediate segments are chosen so that the 
change of the resistance seen between the end 
terminals of the test structure 10 is much larger 
than all anticipated random changes of this resis- 
tance due to the random instability in the manufac- 
turing process, in cthsr words, if it !s assum.ed that 
the spread in the resistance measured between the 
end terminals of a single test structure 10. without 
a spot defect, Is A R«; then R« must be signifi- 
cantly larger than A Ru. Assuming, for example, 
that A Rii is 5% of R,*, the number of^trips and 
intermediate segments in the test structure 10 are 
chosen to be smaller than R,4/A Ru; that is, less 
than twenty and preferably sixteen for practical 
applications. A choice of this kind assures that any 
short or break causes larger changes in the resis- 
tance R,4 than the process induced variations in 
resistance. Hence, the pitch of test structure 10 
and the number of strips and underlying straight 
segments in the structure, are primary factors in 
determining the defect resolution obainable with 
the structure. 

In the above description, the role of spot de- 
fects was discussed with respect to the metal layer 
only. In actual manufacturing processes, spot de- 
fects can occur on ail layers. Therefore, the follow- 
ing is a description of the test structure 10, in 
accordance with the present invention, for deter- 
mining the presence and size of the spot defects in 
the high resistivity polysilicon layer. Figure 12 de- 
picts a spot defect 50 that shorts two intermediate 
segments 14 of the polysilicon meander 12 in the 
test structure 10. The short created by the spot 
defect 50 causes a change in the electrical equiv- 
alent circuit between nodes A and B as shown in 
~ Rgure 13A.-As- can-be-seen„from .that equivalent^ 
circuit, the resistance Rab between nodes A and B 
is: 

Rab = R. (2 R.i Ra + R 

defect). 

The equivalent resistance Ras without a spot 
defect is equal to R,. Thus, the resistance mea- 
sured between the end terminals of the test struc- 
ture 10 can be disturbed by a spot defect in the 
polysilicon layer (the layer containing the poly- 
silicon meander) only in those cases where or 
Ro (see Figure 13A) is comparable with R,. This 
occurs only where the spot defect is located close 
to the contacts. If the test structure 10 is built such 
that Ra is much greater than R,; that is. where the 
metal strips 22 and underlying intermediate seg- 
ments 14 are much longer than the folded seg- 
ments 16 of the meander 12, then 2Ri, is much 
greater than R, for the majority of locations of the 
spot defects in the polysilicon layer. This means 
that the majority of the polysilicon spot defects will 



not change the value of Rab in such a structure. 

As seen in Figure 13B, breaks in the path of 
the polysilicon meander 12 will disturb the resis- 
tance measurements only in the case where they 

s are located in the folded segments of the structur . 
In all other cases their influence is small, this re- 
enforces the desirability to design this test struc- 
ture such that the folded segments 16 are much 
shorter than the metal strips 22 and underlying 

10 intermediate segments 14. Therefore, as shown in 
Figure 14, the area that is prone to the spot defect 
in the polysilicon layer can be minimized. This 
area, indicated by the boxes 52 in Figure 14, is 
comparable to twice the area covered by the folded 

15 segment 16 of the polysilicon meander 12. 

In determining the appropriate sizes of the test 
structures 10, consideration is directed to two area 
related factors. The first factor is the ratio of the 
area that is sensitive to spot defects in the metal 

20 layer to the total area, that is the area utilization 
factor. As far as this factor is concerned, it is 
desirable to maximize the area covered with the 
metal strips 22 and minimize all other areas. Since 
the area of the terminals and the width of a single 

26 test structure 10 is detemnined by the resoiution 
requirements described above, the only other pa- 
rameter that can be manipulated is the length of 
the structure. In view of the considerations dis- 
cussed above, the test structure 10 should be as 

30 iong as possible. However, tiie longer the structure, 
the larger the non-uniformity In the geometry and 
resistivity of the polysilicon and metal paths due to 
process induced variations. 

In addition, an increase In the area of a single 

35 structure is equivalent to an increase in the prob- 
ability that two defects may occur in a single 
structure. The increase in the length of the struc- 
%Q_.tr^s]ates to an increase jn the resistance that 
is measured between the end "terrninals" of the 

40 stnjcture for a break in the metal lines 22. There- 
fore, the length of a single structure 10 should be 
chosen such that: (1) an estimate of a probability of 
the occurrence of two defects in the same test 
device is small; (2) the random differences be- 

45 tween resistances of folded segments 16 of the 
polysilicon meander at two ends of the test struc- 
ture 10 are small; and (3) the largest resistance 
that may be seen between the end temninals of the 
test structure 10 (that is, resistance measured 

50 when all metal strips 22 are broken) can be mea- 
sured with the measurement equipment utilized 
with the test structure. 

As can be seen from the above detailed de- 
scription of the preferred embodiment, use of the 

55 test die in accordance with the the present inven- 
tion will detect spot defects in the metal layer, 
which defects are due to abnormalities in the man- 
ufacturing process to which the test die and in- 

6 
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tegrated circuits semiconductor devices are sub- 
jected. Use of such a test die not only enables the 
determination and size distribution of such spot 
defects, it also enables the determination of the 
density of such defects. Such determinations can 
be consistently and accurately made on the test 
die; and, since the test die has undergone the 
saiTiw procsssing ss the intsgratGd circuit semicon- 
ductor devices, such determinations can be attrib- 
uted to the integrated circuit devices even though 
such devices do not exhibit actual functional fail- 
ures. 

It will be understood that various changes in 
the details, materials, and arrangements of the 
parts which have been described and illustrated in 
order to explain the nature of this invention, may 
be made by those skilled in the art without depart- 
ing from the principle and scope of the invention as 
expressed in the following claims. 



Claims 

- 1 . An apparatus for detecting spot defects in a 
metal layer of an integrated circuit, said apparatus 
comprising: 

(a) a substrate; 

(b) a meander formed on said substrate, said 
meander comprising a high electrical resistivity ma- 
terial having a predetermined number of intermedi- 
ate segments, the ends of which are intercon- 
nected by folded segments such that an electrical 
circuit, having an electrical resistance R. is fonmed 
between the ends of the meander; 

(c) a strip of high electrical conductivity ma- 
terial in substantial alignment with and electrically 
insulated from a corresponding one of each of said 

^intermediate segments; - - — - - 

(d) contact means for providing electrical 
contact between each end of said strip and a 
corresponding end of said corresponding intemne- 
diate segment; 

(e) a first terminal electrically connected to 
one end of said meander; 

(f) a second terminal electrically connected 
to the other end of said meander; 

(g) at least one additional terminal electri- 
cally connected to one of said contact means such 
that the portion of the meander between said one 
of said contact means and an end of said meander 
includes two intermediate segments and the folded 
segment connected therebetween. 

2. The apparatus in accordance with Claim 1 
wherein said predetermined number of intermedi- 
ate segments is at least two. 

3. The apparatus in accordance with Claim 2 
wherein said predetermined number of intermedi- 
ate segments is 1 6. 



4. The apparatus in accordance with Claim 1 
wherein said meander is formed of polysilicon ma- 
terial. 

5. The apparatus in accordance with Claim 4 
5 wherein said strips are formed of metal. 

6. The apparatus in accordance with Claim 5 
wherein said metai is aluminum. 

7. A method for detecting spot defeets-in semi- 
conductor integrated circuit devices, said method 

10 comprising the steps of; 

(a) providing an apparatus in accordance 
with Claim 1 ; 

(b) measuring the electrical resistance R be- 
tween the first end terminal and the second end 

15 terminal; 

(c) measuring the electrical resistance R, 
between said additional terminal and an end tenmi- 
nal, the path therebetween comprising that portion 
of the meander which includes two intermediate 

20 segments and the folded segment connected 
therebetween; 

(d) calculating the ratio, n^ of R/R,; 

(e) providing an indication of: 

(i) no defects where n, is equal to n - 1, the 
25 number of folded segments in the meander; 

(ii) the presence of a missing metal defect where n, 
is greater than n - 1 ; and 

(iii) an extra metal defect where nr is less than n - 
1. 

30 8. The method in accordance with Claim 7 
additionally comprising the step of determining the 
diameter of a spot defect. 

9. The method in accordance with Claim 8 in 
which said additional step comprises: 

35 (a) determining the lower limit of a missing 

metal spot defect diameter as being substantially 
equal to the width of a strip plus the number of 

broken_strips_minus_one multiplied, by the__synri_pf_ 

the width of a strip plus the width of tiie space 

40 between adjacent strips; and 

(b) determining the upper limit of the miss- 
ing metal spot defect diameter as being substan- 
tially equal to the width of the space between 
adjacent strips plus the number of broken strips 

45 plus one multiplied by the sum of the widtii of a 
strip plus the width of the space between adjacent 
strips, 

10. The method in accordance with Claim 9 
additionally comprising the step of determining the 

so number of broken strips as being equal to the ratio 
of the number of squares in the strips and cor- 
responding intermediate segments of the meander 
to the number of squares in the folded segments of 
the meander multiplied by the ratio of R to R, 

55 minus the number of strips plus one. 

1 1 . The metiiod in accordance with Claim 7 in 
which said additional step comprises: 



07/20/2001, EAST Version: 1.02.0008 



13 



0 281 227 



14 



(a) deternnining the lower imit of an excess 
metal spot defect diameter as being substantially 
equal to th width of the space between adjacent 
strips plus the number of shorts between strips 
minus one multiplied by the sum of the width of a s 
strip plus the width of the space between adjacent 
strips* and 

(b) determining the upper limit of the excess 
metal spot defect diameter to be substantially 
equal to the width of the space between strips plus io 
the sum of the number of shorts between strips 

plus one multiplied by the sum of the. width of a 
strip plus the width of the space between adjacent 
strips. 

12. The method in accordance with Claim 11 is 
additionally comprised in the step of determining 
the number of shorts between strips as being equal 
to the number of strips in the structure minus one, 
minus the ratio of R to R,. 



25 
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